Abstract
Introduction

32
The main goals of leather tanning are (1) to achieve the stabilization of collagen 33 regarding the hydrolytic phenomena caused by water and/or enzymes, and (2) to 34 provide the hide with higher resistance to extreme temperatures.
35
Different chemicals can be used to tan. The most common one is chromium salt, 36 but due to pressures related to the environment, every day more free-chrome leather Tannin tans because it contains various reactive groups and a sufficient size to be able to bind several fibers at once. Thus, the amount of cross-links depends on the M A N U S C R I P T
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3 size of the polyphenolic molecule and the number of -OH groups present. Additionally, 49 both excessively small molecules (M < 500) and excessively big molecules (M > 3000) 50 will not tan.
51
In order to tan using vegetable extracts, it is necessary for the hides to be in 52 contact with the extracts for a considerable time. The reason for this is that the vegetable 53 extracts are not simple products; they are composed of organic molecules of different 54 molecular size (Morera, 2000) . These molecules tend to be joined, the size of the 55 tanning agent (i.e. vegetable extracts) increases and its penetration and fixation in the 56 hide becomes more difficult. The tanning can be done through a static process and thus 57 high quality leathers may be obtained. Traditionally, a long period of time (greater than 58 a month) was necessary for the process to be finished (Soler, 2000) , which was an However, this process has a shortcoming. Sometimes, the hides are damaged 69 when they hit against the pegs. When this occurs, the leathers show scratches and their 70 commercial value decreases (Fig 1) . In fact, flaws resulting from the damaging of the 
Hide and chemicals
116
Tests were performed with pre-tanned bovine hide.
117
The following vegetable extracts were used for tanning: 
Equipment
125
The tests were carried out using two ultrasound tubular equipment composed of 126 a generator, a transmitter and a stainless steel cylindrical casing. The generator can 127 deliver a maximum power up to 1500w that can be regulated. It can emit four different 128 power levels corresponding to 100%, 85%, 75% and 60% of maximum power, and is
129
Telsonic brand.
130
A modified High-density polyethylene (HDPE) was used as tanning pit. 
Sample Preparation
145
We started off with salted bovine hides. The following operations were carried M A N U S C R I P T To perform the tests, two different work systems were tried out.
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157
In the Direct system, the transmitters were submerged in the tanning float that 158 was inside the HDPE pit. In this work system, ultrasound is acting throughout the 159 process evenly over the whole float, as Fig. 2 shows.
160
In the External system, the pumps were submerged in the tanning float that was discontinuously. Fig. 3 shows a diagram of this work system.
167
A 2×2×3 experimental design was chosen in order to carry out the 168 experimentation. Table 1 shows the variables and levels tested.
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8 Table 1 Variables and levels tested Table 2 shows the tests conducted.
174 Table 2 Tests
The tests were carried out hanging 10 bovine hides vertically inside the pit. The 
Final Operations
186
Once the tannage was completed the leathers were removed from the pit,
187
washed, fatliquored and air dried. 
206
The equation used is as follows: The ultrasonic power and work system variables show a significance level over 240 99% (P-Value < 0.01). The resting time variable shows a significance level over 97%
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10
Combined tannins (%) = 100 -Water soluble matter -Sulphated total ash -Hide
241
(P-Value < 0.03). That is, for all variables, it is valid to say that the results depends on 242 the level at which you work.
243 Table 5 shows the way.
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248
From Figure 4 it follows that by increasing the ultrasonic power, the tanning 249 degree will also be increased. It is a logical result since by increasing the energy 250 provided to the system, the aggregation of tannin molecules is harder and its penetration 251 into the hide is easier. As penetration increases, fixation and consequently the tanning 252 degree also increase.
253
From Figure 5 it follows that the External work system allows obtaining leathers 254 with the highest tanning degree. Thus, the disintegrating effect is more effective when 255 the ultrasound transmission is focussed in small volumes of the tanning float.
256
Considering the same volume of float, in order to prevent the tannin molecules 257 aggregation it is better to supply a lot of energy in a period of short time than less 258 amount of energy in a long time. should be less than 70%. All tests exceeded quality recommendations of UNIDO.
271
Therefore it can be concluded that the use of ultrasound in the conditions applied in the which also contributes to the sustainability of the whole process.
Conclusions
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The results indicate that the working system, the ultrasonic power and the resting 
